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(54) High strength gear and method of producing the same 



(57) A Wigh strength gear (10) Is provided which 
comprises a base metal (12) of an iron-based alloy, the 
base metal being carburized or carbonitrided and hav- 



ing a tooth surface (16), and a coating (14) formed on 
the tooth surface (16) and containing Fe nitride and/or 
Fe carbonitride. A method of forming a high strength 
gear (10) is also provided. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a high strength gear, particularly of the kind that oan be successfully used In 
a drive train of a high output engine and can attain an improved wear resistance and an elongated life. The present 

invention further relates to a method of producing such a high strength gear. 

[0002] Heretofore, carburizing steels or carbonitriding steels are generally used for gears for automotive transmis- 
sions. With the tendency that the output of the engine has been becoming higher in these years, damages such as 

10 pitting, spalling and wear, to be caused in a tooth surface of a gear has given rise to a problem. 

[0003] As a countermeasure to this problem, It is considered to coat the tooth surface of the gear with a hard coating. 
An example of a hard coating formed on a sliding member is disclosed in Japanese Patent Provisional Publication No. 
5-78821 . Namely, by the publication, it has been proposed a piston ring that is improved in the wear resistance by 
being coated with a coating formed of a mixed texture of at least one metal selected from the group consisting of Ni, 

IS Co and Mo and carbide or nitride of at least one metal selected from the group consisting of Cr, Ti and W. 

[0004] Further, it is proposed by Japanese Patent Publication No. 10-167348 to coat a gear with a titanium nitride 
coating for the purpose of improving the pitting resistance. 

SUMMARY OF THE INVENTION 

20 

[0005] However, by the above described related art, it is necessitated to use a large amount of Ni, Co and Mo which 
are expensive materials in order to attain a sufficient toughness and furthermore a complicated coating operation using 
a plurality of targets is necessitated for forming a hard coating, thus resulting in a high cost. 

[0006] Further, as a base metal for a gear is used a steel having a high toughness. In this connection, the composition 
^5 of the coating disclosed in the above-described publications has a large difference in modulus of elasticity from the 
base steel of the gear. This causes a problem in that when such coating is formed on a gear that is locally subjected 
to a high surface pressure, the coating is likely to be separated from the base steel due to a large shearing stress 
caused therebetween. 

[0007] Further, in the above described publications. It Is necessitated to keep the temperature at which the coating 
30 is formed, at least at 300 °C or higher. Such a high temperature causes the base metal to be softened, thus causing 
the pitting resistance and the bending fatigue strength to be lowered. Accordingly, the base metal needs to be of such 
a material that Is low in the machinabllity and the toughness so as not be softened at the above described high tem- 
perature. Such a material is, for example, too! steel that is costly for gear. 

[0008] It is accordingly an object of the present invention to provide a high strength gear that has a high strength, 
35 whose tooth surface is considerably improved in the pitting resistance, spalling resistance and wear resistance, and 
that can maintain a desired strength over a long period of usage and can be produced at low cost. 
[0009] It is a further object of the present invention to provide a method of producing a high strength gear of the 
foregoing character. 

[0010] According to an aspect of the present invention, there is provided a high strength gear comprising a base 
^ metal of an iron-base alloy, the base metal being carburized or carbonitrided and having a tooth surface, and a coating 
formed on the tooth surface and containing Fe nitride and/or Fe carbonitride. 

[0011] According to a further aspect of the present invention, there is provided a method of producing a high strength 
gear comprising forming a base metal Into a predetermined gear shape, carburizing or carbonitriding the base metal 
of the predetemnined gear shape, and forming a coating containing Fe nitride and/or Fe carbonitride on at least a tooth 
^5 surface of the base metal of the predetermined gear shape. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

50 

FIG. 1 Is a schematic, fragmentary sectional view of a portion of a high strength gear according to an embodiment 
of the present invention; 

FIG. 2 is a side elevation of a test piece used in a roller pitting test for evaluating the pitting resistance; and 
FIGS. 3A and SB are diagrams showing patterns of heat treatment of a base metal for the high strength gear of 
55 the present invention. 



RW.<?nnnin- «fp 



EP1 243 815 A2 



DESCRIPTION OF THE PRFERRED EMBODIMENT 

[0013] Referring first to FIG. 1 , a high strength gear according to an embodiment of the present invention is generally 
Indicated by 10 and includes base metal 12 fomned into a predetermined gear shape. In the meantime, "%" Is herein 

5 used to indicate the mass percentage unless otherwise described. 

[0014] As mentioned above, in high strength gear 10 of the present invention, a Fe-base alloy that is carburized or 
carbonitrided is used as base metal 12, and Fe nitride and/or Fe carbonitride Is used as a coating material. Base metal 
12 has meshing surface or tooth surface 1 6 that is coated with coating 1 4 that contains Fe nitride and/or Fe carbonitride. 
[0015] It is needless to say that such coating 1 4 can consist of Fe nitride and/or Fe carbonitride only. 

.10 [0016] The above-described coating material has excellent toughness and high hardness. In this embodiment, by 
constructing gear 1 0 as described above, the difference in coefficient of thermal expansion and modulus of elasticity 
between base metal 12 and coating 14 Is small. Thus, the shearing stress caused at the interface between base metal 
12 and coating 14 at the time of fomnation of coating 14 or at the time of use of gear 10 is reduced, so that above- 
described coating 14 is hard to be peeled off and has a good adherence. 

15 [0017] Accordingly, thetooth surface of high strength gear 1 0 of this invention is considerably improved in the pitting, 
spatling and wear resistance. 

[0018] In this connection, the above-described coating material is preferably SUS 304 according to JIS represented 
by JIS G4303 (stainless steel bar) and JIS G4304 (cold rolled stainless steel plate or steel band). 
[0019] As base metal 12 of gear 10 of the present invention, an iron-based alloy can be used but it is preferable to 
20 use carburizing steel for the purpose of attaining an impact resistance and bending fatigue strength necessitated for 
the gear. 

[0020] Further, in order to suppress softening of base metal 12 due to high temperature at the time of formation of 
coating 14, it is desired to use carbonitriding steel. In the meantime, selection of carburizing steel or carbonitriding 
steel can be made optionally depending upon actual use of gear 10. 
25 [0021] In gear 1 0 of the present invention, a representative composition of the above described iron-based alloy for 
base metal 12 comprises 0.15 to 0.25 % C, 0.4 to 0.9% SI, 0.05 to 0.7% Mn, 1 .25 to 2.5% Or, 0.35 to 1% Mo, 0.02 to 
0.06% Al, 0.007 to 0.015% N, and the balance essentially consisting of Fe. 

[0022] The reason forthe above described numerical limitations of the above described composition will be described 
below. 

30 

(a) C: 0.15 to 0.25% 

[0023] C is an essential element for obtaining an effective hardened depth while allowing the core of carbonitrided 
gear 10 to have a predetermined hardness. It is preferable that C is contained in gear 1 0 in the amount of 0.15% or 
35 more. However, when the content of C is too much, the toughness, machinability and cold working property of base 
metal 12 are lowered. Thus, it is preferable to determine the upper limit of the C content to be 0.25%. 
[0024] In the meantime, the more preferable range of the C content is from 0.17 to 0.22%. 

(b) Si: 0.4 to 0.9% 

40 

[0025] Si Is an element that forms cariDonitride In a surface layer of gear 1 0 and thereby greatly contributes to the 
improvement in the softening resistance of a carbonitride precipitate layer (i.e., carbonitrided surface layer). Further, 
Si is an element useful for suppressing precipitation of carbonitride at the grain boundaries and for spheroidizing car- 
bonitride and thereby improving the wear resistance. Further, SI acts for hardening of the matrix of the carbonitrided 
45 . surface layer. For enabling C to exert such actions effectively, SI content is preferably 0.4% or higher. However, when 
the Si content is too high, fonnation of the carbonitrided surface layer is inhibited, and the toughness and machinability 
of base metal 1 2 are lowered considerably. Thus, It is preferable to determine the upper limit of the Si contentto be 0.9%. 
[0026] In the meantime, the more preferable upper limit of the Si content is 0.8%. 

50 (c) Mn: 0.05 to 0.7% 

[0027] Mn is an element that fomris carbonitride and thereby greatly contributes to the improvement of the cartoon itride 
precipitate layer. Mn also acts as a deoxidation component at the time of manufacture of the above-described iron- 
based alloy. Further, Mn is effective for improving the hardenability and the machinability by the effect of fonnation of 
55 manganese sulfide (MnS). 

[0028] For making such effects be produced effectively, the Mn content is preferably at least 0.05% or higher. How- 
ever, when the Mn content is too high, a bad Influence is given to the forgeability and machinabilrty and moreover the 
amount of retained austenite becomes excessively large for thereby decreasing the surface hardness. Thus, the Mn 
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content is preferably 0.7% or lower. 

[0029] In the meantime, the more preferable lower limit of the Mn content Is 0.2%. 

(d) Cr 1 .25 to 2.5% 

5 

[0030] In order to improve the hardenability of base metal 12 for thereby attaining a stable hardened depth and a 
necessary core hardness of gear 1 0 and thereby attaining a necessary static strength and fatigue strength of the gear 
and furthermore to improve the softening resistance of the matrix of the hardened surface layer at the time of tempering, 
the Cr content is preferably 1 .25% or higher. 
10 [0031] However, when the Cr content is too high, a large amount of CrN (chromium nitride) is precipitated at the 
grain boundaries. This decreases the amount of Cr dissolved in austenite and therefore deteriorates the hardenability, 
thus decreasing the surface hardness. Further, when the Cr content is too high, the carbon it riding ability is deteriorated 
and furthermore a bad influence is given to the mach inability. Thus, the upper limit of the Cr content is preferably 2.5% 
or lower. 

15 [0032] In the meantime, the more preferable range of the Cr content is from 1 .4 to 2.2%. 

(e) Mo: 0.35 to 1% 

[0033] Mo has a quite important action of increasing the amount of N to be Introduced Into base metal 1 2 and thereby 

20 maintaining the hardenability of a portion surrounding a place where the amount of precipitation of CrN is increased. 
Further, Mo has an action of accelerating formation of carbonitride and refinement of the same. Namely, the degree 
of carbonitriding increases with increase of the Mo content. Since the composite carbonitride is hard, Mo acts effectively 
for making higher the hardness of the carbonitrlded layer. 

[0034] By such actions, Mo contributes to decrease of the abnomrial layer such as incompletely hardened texture at 
25 the surface of the carbonitrlded layer and Increase in the strength of the inner part of the carbonitrlded layer. 

[0035] In order to attain such actions effectively, the Mo content is preferably 0.35% or higher. However, too high Mo 
content deteriorates the toughness and machlnability and causes the amount of retained austenite at the surface layer 
to become too large, thus lowering the surface hardness. Thus, the Mo content is preferably 1% or less. 
[0036] In the meantime, the more preferable range of the Mo content is from 0.4 to 0.9%. 

30 

(f) Si + Mn + Mo: 1 to 2.2% 

[0037] This requirement is quite important though not shown in the above-described representative composition. 
[0038] SI , M n and Mo have the respective actions as described above and any of them acts effectively for Increasing 
35 the resistance to softening due to tempering at quasi-high temperature range. However, too high content deteriorates 
the productivity such as toughness, cold rolling ability and machlnability. 

[0039] Namely, it is important that the contents of Si, Mn and Mo are well balanced. In orderto attain a good softening 
resistance that is intended by the present invention, the total content of Si, Mn and Mo is preferably within the range 
from 1 to 2.2%. 

^ [0040] In the meantime, the more preferable total content of Si, Mn and Mo Is in the range from 1 .2 to 1 .8%. 

(g) Al: 0.02 to 0.06% 

[0041] Al Is an element that acts as devulcanlzing agent and is further effective for fomiing AIN (aluminium nitride) 
45 at the time of heat treatment and refining the grains after hardening. Thus, the Al content is preferably 0.02% or lower. 
[0042] However, when the Al content is too high, the refined grains are coagulated to cause grain growth. Thus, the 
Al content is preferably 0.06% or lower. 

[0043] In the meantime, the more preferable upper limit of the Al content is 0.04%. 
50 (h) N: 0.007 to 0.015% 

[0044] N has an action that It combines with Al to fonn AIN and refines the grains. Thus, the N content is preferably 
0.007% or higher. 

[0045] However, the action becomes saturated at the N content of 0.01 5%. Thus, the upper limit of the N content is 
55 preferably 0.015%. 

[0046] In the meantime, the more preferable N content is in the range from 0.008 to 0.012%. 

[0047] Then, other features of the high strength gear of the present invention wHI be described. 

P048] The gear of the present invention is produced by fomilng above- described base metal 1 2 into a desired gear 
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shape, then carburizlng or carbon itriding base metal 1 2 of the desired gear shape and depositing, by vapor deposition, 
above-described coating 14 on carbonltrided base metal 12. In this instance, in a surface layer of gear 10 that is of 
such a thickness that extends from the outemnost surface of above described coating 14. i.e., the tooth surface of 
coated gear 10. to the depth of 0.1 mm, it is preferable that the C content [Cs] is 0.7% or higher and The N content [Ns] 
5 is in the range from 0.6 to 2%, and the value R obtained from the following expression (1 ) is 7.5% or higher 

R = 1 .1 1 X [Cs] + 1 .25 X [Ns] + 1 .89 X (total Si content 
of gear 1 0 by %) + 1 .22 x (total Mn content of gear 1 0 by %) + 

0.67 x (total Mo content of gear 1 0 by %) + 3.94 (1) 

[0049] By such characteristics, gear 1 0 of the present invention features that the resistance to softening of the hard- 
15 ened surface layer at quasi-high temperature is made considerably higher. The reason why such requirements are 
determined will be described below. 

(i) [Cs]: 0.7% or higher and [Ns]: 0.6 to 2% 

20 [0050] [Cs] and [Ns] are indicators for indicating the amount of C and N penetrated into the surface layer of gear 1 0 
that is carburized or carbon itrided. 

[0051] [Cs] is an important factor mainly for attaining the hardness of the hardened surface layer and is preferably 
0.7% or higher in order to provide the hardened surface layer with a sufficient hardness. 

[0052] On the other hand, [Ns] is effective mainly for making higher the softening resistance of the hardened surface 
25 layer at quasi-high temperature after hardening. In this respect. Si carbonitride and Fe carbonitride are largely contrib- 
utive in this embodiment. Thus, by setting [Ns] within this range, Si nitrides that are contributive to the softening resist- 
ance are precipitated, the amount of retained austenite after heat treatment becomes a desired value, and the abnonnal 
texture such as an incompletely hardened texture is not caused, thus making it possible to maintain the hardness as 
desired. 

30 [0053] In the meantime, the surface layer in which the above described requirements of [Cs] and [Ns] are met will 
suffice if it has such a thickness that extends from the outermost surface of gear 1 0, i.e., the outemnost tooth surface 
to the depth of 0.1 mm. In the surface layer of such a thickness, a high shearing stress is caused at the time of usage 
of gear 1 0, 

35 (j) Value R: 7.5 or higher 

[0054] As mentioned above, the chemical composition of base metal 12, particularly the contents of Si, Mn and Mo 
and [Cs], [Ns] fomned by carburizing or carbonitriding treatment and existing in the hardened surface layer exert a great 
influence on the precipitation amount of carbonitride and the existing form of the same. By satisfying the predetermined 
40 requirements of the present invention, the softening resistance, particularly at quasi-high temperature can be made 
higher. In this connection, the value R is closely related to the surface hardness after softening. In this respect, in order 
that such actions are produced assuredly, it is quite important to control so that the value R obtained by the expression 
(1) is 7.5% or higher. 

[0055] In the meantime, as will be apparent from the expression (1 ), the value R is influenced by [Cs], [Ns] and the 
45 contents of SI, Mn, and Mo existing in the hardened surface layer and above all is influenced largely by the Si content. 
This Is a large feature of the gear that is recommended by the present invention (i.e., a large feature of the composition 
of the gear material of the present invention). 

[0056] Further, in gear 1 0 of the present invention, it is preferable to control so that the granular iron-based substance 
existing in the tooth surface of gear 1 0 coated with above-described coating 1 4 is 20% or lower by area coefficient. 
50 [0057] In this connection, term "surface ratio" is an average surface ratio and indicates the ratio of the area occupied 
by the granular iron-based material to the area of the entire surface of the gear. 

[0058] By detenmlning so that the surface ratio is within the above-described range, both of the peel strength at the 
tooth surface and the bending fatigue/impact strength (strength against breakage) at the root of gear 1 0 can be attained. 
[0059] Then, the method of producing high strength gear 1 0 will be described. 
55 [0060] As described above, by the production method of the present invention, high strength gear 10 is produced 
by fomiing above described base metal 12 into a desired gear shape, then carburizing or carbonitriding base metal 12 
of the desired gear shape, and depositing, by vapor deposition, coating 14 containing Fe nitride and/or Fe carbonitride 
on at least tooth surface 16 of base metal 12. 
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[0061] In this connection, as the above-described vapor deposition process can be enumerated physical deposition 
in the presence of of nitrogen and/or methane, and particularly an arc ion plating process (hereinafter will be referred 
to as AlP process) can be used preferably from the point of view of coating formation speed, reactivity, and adhering 
quality. 

[0062] Since suitable formation of coating 14 is attained by carrying out the AlP process in an inactive or reducing 

atmosphere, it is preferable to carry out the AlP process in an atmosphere of nitrogen and/or methane. 

[0063] Further, gear 1 0 of the present invention has excellent toughness and adherence. Thus, even when the AlP 

process Is carried out at a relatively low treatment temperature, I.e., at 300 °C or lower and with bias voltage of 50 

volts or lower, toughness and adherence that are sufficiently large for actual use can be attained. 

[0064] I n the meantime, in formation of coating 1 4 by the AlP process, a granular iron-based substance that is usually 

called "droplets" is formed on the target, i.e., on the surface of an article (the surface of the gear, particularly the tooth 

surface in this embodiment). 

[0065] Generally, if the article on which a number of droplets are present is used, the droplets are dropped off in an 
early stage of usage to form holes that become defects and considerably shorten the life of the article. Thus, the 
droplets are all removed by finishing prior to usage. 

[0066] However, in the present invention, the roughness (Ra) of the tooth surface of gear 10 is detemnined so as to 
be 0.25 \um or lower. By this, even if a small amount of droplets remains on the tooth surface, the pitting resistance is 
not lowered but an elongated pitting-reslstant life can be attained. 

[0067] Such a phenomenon results from the fact that the droplets polish the mating surface so that the surface 
roughness becomes smaller in an early stage of usage of the gear of this invention, i.e., "grinding orbreaking-ln effect" 
Is obtained and therefore generation of heat at the tooth surfaces of a pair of gears is suppressed. 
[0068] In the present invention, in order to suppress increase of the cost due to a finishing process (additional ma- 
chining) more than the necessity, it Is determined that the surface roughness (Ra) of the tooth surface is preferably 
0.25 pjn or lower. In the meantime, the surface roughness Ra is determined In accordance with JIS B0601 . 
[0069] Further, as the surface roughness of tooth surface 1 6 of base metal 1 2 priorto formation of coating 1 4 becomes 
smaller, the tooth surfaces of gear 1 0 of the present invention and the mating gear after the above described grinding 
or breaking-in become smoother. Thus, it is preferable to carry out the coating step by the above-described AlP process 
after the surface roughness (Ra) of tooth surface 16 of base metal 12 (i.e., gear-shaped base metal 12 made of an 
iron-based alloy and carburized or carbon itrlded) Is made to fall in the range of 0.25 \im or lower. 
[0070] Similarly, it is more preferable that the surface roughness (Ra) of the tooth surface of gear 1 0 is made to fall 
in the range of 0.25 or lower after the above-described formation of coating 14. 

[Example] 

[0071] Hereinafter, the present Invention will be described further with reference to examples of the present invention 
and comparative examples. 

[0072] As the base metals for the examples of the present invention and for the comparative examples are used 
steels "a" to "r" shown in Table 1 , i.e., steels that satisfy the representative steel composition of the base metal of the 
present invention and steels that do not. Steels "a" to "r" are nomnalized, then machined and fonned into the pitting 
test piece shape shown in FIG. 2 and thereafter carburized or carbon it rid ed. 

[0073] In the meantime, [Cs] and [Ns] after carbonitriding is an average of the results of analysis of chips collected 
from a layer of the thickness extending from the outermost surface to the depth in the range from 0,05 to 0.15 mm. 
[0074] As a scale for indicating the machinability of those materials is used the hardness after nomnallzing and as a 
scale for Indicating the softening resistance of the base metal at the time of coating is used the hardness after the base 
metal is held for three hours within the atmosphere of 300 °C. In either of the cases, the micro Vickers hardness was 
used to examine the hardness at the depth of 0.1 mm from the outermost surface. 

[0075] For the roller pitting test, steel "a" that satisfies the composition ranges of the present invention was selected 
from the above described steels and used. Finishing of the 26*portion of the test piece was carried out after the car- 
bonitriding shown in FIG. 2B. Then, under the following conditions, coatings were formed by using nitride of SUS 304 
according to JIS as the coating material of the present invention andTiN and CrN as coating materials for comparative 
examples. Thereafter, barrel tumbling was performed to adjust the surface roughness. Then, before and afterthe roller 
pitting test, the surface roughness Ra at the contact portion of the test piece was examined. Further, afterthe test, the 
test piece was cut and the hardness of the base metal at the depth of 1 mm from the coating was examined by micro- 
Vlckers hardness. 
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Coating conditions by arc-Ion plating 

(I) Coating conditions of the embodiment of the present invention 
[0076] 

Degree of vacuum before introduction of gas: 



1.33X10'"" to6.66x10"^Pa 



(1X10'^ to 5x10'^ Torr) 

Sputter cleaning: 

Argon (Ar), -600 to -700V, 4 min (intermittent) 

Pressure after introduction of gas: 

20 Nitrogen (N2) 1 .33 to 5.32Pa 

(10 to 40 mTorr) 

Cathode current at the time of coating: 

25 60 to 1 0OA 

Bias voltage at the time of coating: 

30V 

30 

Temperature before coating: 
100 to ISO'^C 
35 Coating pattern: 

cycle of coating for 1 0 minutes and suspension of coating for 50 minutes 
(11) Coating conditions of comparative example 
[0077] 

Degree of vacuum before introduction of gas: 



1.33X10'"' to 6.66x10'^ Pa 



(1X10"^ to 5X10'^ Torr) 



50 Sputter cleaning: 

Argon (Ar). -600 to -700V, 4 min (intenmlttent) 
Pressure after introduction of gas: 



Nitrogen (Ng) 1 .33 to 5.32 Pa 
(10 to 40 mTorr) 
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10 



20 



Cathode current upon coating: 

100 to 150A 
Bias voltage upon coating: 
70V 

Temperature before coating: 
250 to 300*C 

Coating pattern: 

cycle of coating for 1 0 minutes and suspension of coating for 50 minutes 
Roller pitting test conditions 
[0078] 

Surface pressure: 

3Gpa 

25 Rotational speed: 

1500 rpm 
Slip ratio: 

30 

60% 
Oil temperature: 

35 90** C 

Oil: 

Nissan genuine belt fluid NS-1 
Oil supply amount: 

2Lymin 
Mating roller: 

roller made of SCM435 according to JIB and carburlzed 

[0079] In Table 1 ,the hardness of steels "a" to V after normalizing Is shown in addition. A large difference in hardness 
50 is not found in steels "a" to "1" of the examples of the present invention. In steels "j", "m" and "p" wherein the contents 
of Si, Mn and Mo are large, [Si + Mn + Mo] is high and further the hardness after normalizing is high. Similarly, in steel 
"n" wherein the Cr content Is large, the hardness is high. 

[0080] Table 2 shows [Cs] and [Ns] after carbonitriding, value R and hardness after example Is held In an atmosphere 
of 300 *'C for three hours. 

55 [0081] In sample Nos. 10 and 28 made of steel "j" of a large Si content and sample Nos. 14 and 32 made of steel 
"n" of a large Cr content, the carbon itrid in g property is deteriorated, and [Cs] and [Ns] do not satisfy the requirement 
of the present invention. 

[0082] Further, In sample Nos. 19 to 27 that satisfy the requirements of the present invention, the hardness of any 
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of the samples is Hv 760 or higher. In contrast to this, in sample Nos. 1 0 to 1 B and 28 to 36 whose compositions are 
not suitable and sample Nos. 1 to 9 wherein [Ns] is low and the value R does not satisfy the requirement of the invention, 
the hardness of any of the samples Is less than Hv 750. 

[0083] Table 3 shows the result of examination of roller pitting test pieces with respect to the roughness before and 
5 after test, hardness of base metal after test, and peel life. The peel life is represented by the number of rotation of the 
test piece at which peel or breakage is caused in the roller pitting test. In test piece Nos. 37 and 38 that are examples 
of the present invention, peel or breakage was not caused when the number of rotation was 2.0 x 10"^. In contrast to 
this, in test piece Nos. 43 to 46 that were different in composition of coating from that of the present invention, coating 
was lost, i.e., peel was caused at an early stage of the test due to lack of toughness and adherence of the coating. 
10 [0084] Further, in the test piece No. 38 that satisfies the requirements of the present invention, peel was not caused 
though there remained a small amount of droplets. In contrast to this, in test piece No. 39 in which there remained a 
large amount of droplets to deteriorate the surface roughness, peel was caused at an early stage of the test. 
[0085] Further, in test piece Nos. 37 and 38 in which coating was performed under the condition satisfying the re- 
quirements of the present invention, the hardness of the base metal after the test was Hv 770 or higher. In contrast to 
15 this, in case of test piece Nos. 40 to 42, 44 and 46 in which coating was performed at high temperature, the hardness 
of the base metal was lowered, i.e., Hv 730 or lower. 

[0086] From the foregoing, it will be understood that according to the present invention a gear made of iron-based 
alloy has a tooth surface coated with a predetermined coating and therefore has a high strength, particularly the gear 
is considerably improved in the pitting resistance, spaliing resistance and wear resistance of the tooth surface and 
20 therefore can retain a suitable strength over a long period of usage. Further, the gear of the present invention can be 
produced at low cost. 

[0087] The entire contents of Japanese Patent Application No. 2001 -0861 95 are incorporated herein by reference. 
[0088] Although the invention has been described above by reference to a certain embodiment of the invention, the 
invention is not limited to the embodiment described above. Modifications and variations of the embodiment described 
25 above will occur to those skilled in the art. in light of the above teachings. The scope of the invention is defined with 
reference to the following claims. 
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Table 2 



5 




Sample No. 


Kind of 
Steel 


Carburizing 
Condition 


[Cs] (mass 
%) 


[Ns] (mass 
%) 


Value R 


i-Iardness 
After 

Tempering 
(Hv) 




Comparative 
Example 


1 


a 


(A) 


0.75 


0.51 


7.22 


718 


10 


2 


b 




0.74 


0.52 


7.40 


723 




3 


c 




0.74 


0.51 


7.35 


743 






4 


d 




0.81 


0.55 


7.28 


738 






5 


e 




0.85 


0.50 


7.18 


742 


15 




6 


f 




0.74 


0.52 


7.26 


741 






7 


g 




0.75 


0.51 


7.23 


716 






8 


h 




0.75 


0.52 


7.22 


728 


20 




9 


1 




0.76 


0.51 


7.23 . 


720 




10 


j 




0.28 


0.17 


8.05 


638 






11 


k 




0.75 


0.53 


6.91 


677 






12 


1 




0.76 


0.54 


6.61 


648 


25 




13 


m 




0.75 


0.50 


8.27 


671 






14 


n 




0.55 


0.29 


6.60 


631 






15 


o 




0.72 


0.54 


7.06 


710 


30 




16 


P 




0.73 


0.55 


7.85 


681 




17 


q 




0.76 


0.54 


7.02 


711 






18 


r 




0.70 


0.55 


6.82 


702 




Example of 
This 

Invention 


19 


a 


(B) 


0.76 


0.76 


7.54 


765 


35 


20 


b 




0.75 


0.7B 


7.74 


775 






21 


c 




0.73 


0.78 


7.68 


782 






22 


d 




0.80 


0.79 


7.56 


785 


40 




23 


e 




0.83 


0.62 


7.56 


796 






24 


f 




0.77 


0.79 


7.63 


814 






25 


9 




0.75 


0.76 


7.54 


769 






26 


h 




0.76 


0.77 


7.54 


772 


45 




27 


i 




0.76 


0.76 


7.54 


768 



50 



55 
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10 



15 





Sample No. 


Kind of 
Steel 


Carburizing 
Condition 


[CsJ (mass 
%) 


[Ns] (mass 
%) 


value r\ 


Hardness 
After 

Tempering 

(Hv) 


Comparative 


28 


j 


(B) 


0.31 


0.19 


8.11 


649 




29 


k 




0.76 


0.73 


7.17 


703 




30 


I 




0.75 


0.67 


6.75 


684 




31 


m 




u. / / 


n Rn 


D.D/ 


f uo 




32 


n 




0.61 


0.33 


6.71 


644 




33 


o 




0.75 


0.70 


7.29 


736 




34 


P 




0.76 


0.79 


8.18 


715 




35 


q 




0.74 


0.72 


7.22 


722 




36 


r 




0.74 


0.68 


7.02 


710 
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Claims 

1. A high strength gear (10) comprising: 

a base metal (12) of an iron-based alloy; 
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the base metal being carburized orcarbonltrided and having a tooth surface; and 

a coating (14) fonned on the tooth surface and containing Fe nitride and/or Fe carbonitride. 

A high strength gear (10) according to clainn 1, wherein the base metal (12) is a steel comprising, in mass per- 
centages, 0.15 to 0.25% C. 0.4 to 0.9% SI, 0.05 to 0.7% Mn, 1 .25 to 2.5% Cr, 0.35 to 1% Mo, 0.02 to 0.06% Al, 
0.007 to 0.015% N, and the baiance consisting essentially of Fe. 

A high strength gear (1 0) according to claim 1 or 2, wherein the total content of Si, Mn and Mo is in the range from 
1 to 2.2 %. 

A high strength gear (1 0) according any one of to claims 1 to 3, wherein the C content [Cs] and the N content [Ns] 
of a surface portion of the base metal extending from an outermost surface to a depth of 0.1 mm, are 0.7% or 
higher and 0.6 to 2%, respectively, and a value R obtained from the following expression is 7.5% or higher 

R = 1 .1 1 X [Cs] + 1 .25 X [Ns] + 1 .89 X (total SI content 
of the gear) + 1 .22 x (total Mn content of the gear) + 0.67 
X (total Mo content of the gear) + 3.94. 

A high strength gear (1 0) according to any one of claims 1 to 4, wherein the coating (14) has at a surface thereof 
granular iron-based substances which are 20% or lower by area ratio. 

A method of producing a high strength gear (10) comprising: 

fomiing a base metal (12) of an iron-base alloy into a predetermined gear shape; 

carburlzing or carbonltriding the base metal (1 2) of the predetermined gear shape; and 

forming a coating (14) containing Fe nitride and/or Fe carbonitride on at least a tooth surface (1 6) of the base 

metal (12) of the predetermined gear shape. 

A method according to claim 6, wherein the forming of the coating (14) is performed by an ion plating process, in 
the presence of nitrogen and/or methane, with bias voltage of 50 volts or lower, and at the temperature of 300 *'C 
or lower during the forming of the coating (1 4). 

A method according to claim 6 or 7, wherein after the carburizing or carbon itri ding, the tooth surface (16) is finished 
so that a surface roughness (Ra) of the tooth surface (1 6) Is 0.25 \xm or lower and thereafter the fonning of the 
coating (14) is performed. 

A method according to any one of claims 6 to 8, wherein the coating (14) is finished so that a surface roughness 
(Ra) of the coating (14) is 0.25 p,m or lower. 
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FIG. 3 A 
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